Abstract The use of [RhCl2(η-C5Ph4H)]2 for stoichiometric and catalytic CH functionalization has been evaluated. For the substrates studied, CH activation, alkyne insertion and CN reductive elimination are all possible at room temperature, similar to corresponding reactions with [RhCl2(η-C5Me5)]2. The tetraphenylcyclopentadienyl ligand shows promise for controlling regioselectivity in catalytic CH functionalization.
Introduction
In recent years there has been a surge of interest in carboxylate assisted CH activation reactions particularly with Pd, Rh, and Ru catalysts. [1] [2] [3] [4] [5] [6] [7] [8] [9] The vast majority of Rh catalysts involve a pentamethylcyclopentadienyl (Cp*) ligand. However in the last few years there have been a number of examples with other substituents to tune the steric and electronic properties of the metal e.g. Figure 1 . 
Figure 2 Examples of the effect of Cp ligands in Rh(III) catalyzed CH activation 2 Results and discussion
The dimer [RhCl2(η-C5Ph4H)]2 was synthesized in good yield by reaction of C5Ph4H2
with RhCl3 in an analogous method to the preparation of [RhCl2(η-Cp*)]2. [25] The ease of carboxylate assisted CH activation with [RhCl2(η-C5Ph4H)]2 was tested by reaction with 1-phenylpyrazole and 2-phenylpyridine in the presence of NaOAc. These gave good yields of the cyclometallated products 1 and 2 respectively (Scheme 1).
The complexes show the expected signals in the 1 H NMR spectra. The presence of the four aryl groups means there is a lot of signal overlap in the aromatic region however the pyrazole signals in 1 are easily visible at δ7.94, 7.70 and 6.42, and the proton next to the nitrogen of the pyridine in 2 is at δ 8.74. The single cyclopentadienyl proton is observed at δ 5.79 and 5.84, in 1 and 2 respectively. Complex 2 was further characterised by X-ray crystallography and the structure is shown in Figure 3 . Next we investigated the reactivity of these complexes with respect to alkyne insertion.
Scheme 1 Synthesis of cyclometallated complexes
We have previously reported that such reactions are much faster if the chloride is replaced by MeCN. [27] Hence complexes 1 and 2 were converted to 1(MeCN) and 2(MeCN) respectively by reaction with AgPF6 in MeCN (Scheme 2).
Complexes 1(MeCN) and 2(MeCN) were characterized in solution by NMR spectroscopy and mass spectrometry. The cyclopentadienyl proton being observed at δ 6.13 and 6.32 in 1(MeCN) and 2(MeCN) respectively. These signals are downfield by 0.3 and 0.5 ppm respectively from the neutral precursors as expected from forming a cationic complex. The coordinated MeCN molecules could also be observed in both cases.
Scheme 2 Formation of cationic (MeCN) complexes
Complexes 1(MeCN) and 2(MeCN) were then reacted with alkynes (Scheme 3 and 4 respectively). In each case two products are possible, the 7-membered ring products (3 and 5) formed by alkyne insertion and the heterocyclic cations (4 and 6) which are formed subsequently by reductive elimination. We have shown previously that the stability of the 7-membered ring complexes with a Cp* ring is solvent dependent, loss of the monodentate ligand facilitating reductive elimination to form cationic heterocycles.
[28]
Scheme 3 Reaction of 1(MeCN) with alkynes
In the case of the reaction of 1(MeCN) with 4-octyne in CD2Cl2 (Scheme 3) the initially formed product is almost exclusively 3a, there is no starting material left as soon as the spectrum is run (within 15 mins) so the initial alkyne insertion is relatively fast. The cyclopentadienyl proton experiences a significant shift upfield moving from δ 6.13 in -previously and was attributed to a ring current from the C6H4 of the originally cyclometallated ligand. [27, 29] This interaction is confirmed in the X-ray structure of 5b (see below). Complex 3a decomposes slowly in solution via CN reductive elimination to form 4a; after 24 hours 32% of 4a is formed. This is somewhat slower than in the case of the Cp* complex which gives 100% 4a after 24 hours. Note, in no cases were we able to isolate any Rh-containing products which might arise from the reductive elimination of the heterocyclic products 4.
A similar result was found in the reaction of 1(MeCN) with diphenylacetylene. In this case, in the 1 H NMR spectrum the cyclopentadienyl proton is observed at δ 4.21 consistent with formation of 3b. This was more stable in solution than 3a, after 24 hours only a small amount (approximately 3%) of a second compound believed to be 4b [30] was observed in the 1 H NMR spectrum. After 4 days the amount of 4b had risen to 10%.
For the corresponding reaction with the Cp* complex no reductive elimination was observed.
The same reactions were performed with phenylpyridine complex 2(MeCN) (Scheme 3). The 1 H NMR spectrum of the reaction of 2(MeCN) with 4-octyne after 30 minutes showed a mixture of 5a and 6a (1:1) with no 2(MeCN) remaining. The cyclopentadienyl proton of 5a was observed at δ 3.40. After only 3.5 hours the mixture had converted to 6a (more than 90%). Under similar conditions the corresponding Cp* complex is more stable and has only converted to 30% of 6a after 15 days. For the reaction of 2(MeCN) with diphenylacetylene the initial 1 H NMR spectrum after 45 minutes showed mostly 5b (90%) and a small amount of 6b (10%). After 3 days more 5b had converted to 6b leaving a 5b:6b ratio of 1:2. 
Scheme 4 Reaction of 2(MeCN) with alkynes
Complex 5b was sufficiently stable that it could be crystallised and the structure was determined by X-ray crystallography (Figure 4) This is the opposite regioselectivity normally seen for alkyne insertion with Cp*Rh complexes. [10, [31] [32] [33] We have recently reported the catalytic synthesis of heterocyclic cations 4a and 6a from 4-octyne and 1-phenylpyrazole or 2-phenylpyridine respectively using [RhCl2(η-Cp*)]2 as a catalyst in polar solvents. [28] Hence, we tested [RhCl2(η-C5Ph4H)]2 as a catalyst for the same transformations. Reaction of phenylpyrazole and 4-octyne gave product 4a in only 19% yield this contrasts with a yield of 88% using [RhCl2(η-Cp*)]2 as catalyst.
This may reflect the increased barrier to CN reductive elimination in 3a mentioned above.
To test the effect of the sterically bulky C5Ph4H ligand on regioselectivity we examined the pyridine synthesis reported by Rovis (reaction 2 Figure 2 ). [10] Rovis found that product A arising from alkyne insertion with the Ph substituted end next to the metal was favoured with a Cp*Rh catalyst. This is the most common selectivity in alkyne insertion reactions with this catalyst. However, use of the more sterically bulky Cp t Rh catalyst gave the opposite regioselectivity. [10] Hence, we repeated this reaction with In Miura's original publication [1] 
Experimental

General Considerations.
Unless stated otherwise all reactions were carried out under a nitrogen atmosphere, work up was carried out in air. Electrospray (ESI) mass spectra were recorded using a micromass Quattra LC mass spectrometer with acetonitrile as the solvent.
NMR spectra were recorded on a Bruker DRX400 spectrometer operating at 400 ( 1 H) and 
Preparation of 1(MeCN).
A 50 mL round bottom flask was charged with 1 (50 mg, 0.077 mmol) to which acetonitrile (5 mL) was added. To the orange solution AgPF6 (19.5 mg, 0.077 mmol) was added, this was followed by an immediate colour change to yellow. The suspension was allowed to stir at room temperature for 4 h. After which the solution was filtered through celite and reduced to dryness. The residue was redissolved in DCM (10 mL) and filtered through celite. The product was isolated as a yellow solid by removal of solvent;
yield 57 mg (92% 
X-ray Structure Determinations
Data for 2 and 5b were collected on a Bruker Apex 2000 CCD diffractometer using graphite monochromated Mo-Kα radiation, λ = 0.7107 Å. The data were corrected for Lorentz and polarisation effects and empirical absorption corrections were applied. The structures were solved by direct methods and with structure refinement on F² employed SHELXTL version 6.10. [34] Hydrogen atoms were included in calculated positions (C-H = 0.95 -1.00 Å) riding on the bonded atom with isotropic displacement parameters set to 1.5Ueq (C) for methyl hydrogen atoms and 1.2Ueq (C) for all other H atoms. All non-hydrogen atoms were refined with anisotropic displacement parameters without positional restraints. Figures were drawn using the program ORTEP.
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